Background: Previous studies that examined the association between daily alcohol consumption and sickness absences (SA) were mostly retrospective and did not take into account the characteristics of SA. Methods: A total of 9907 daily drinkers (8442 men and 1465 women) of the GAZEL prospective cohort were included. Daily alcohol consumption over the three previous years was self-reported at baseline and categorized as low, moderate, high or very high risk according to the World Health Organization. Duration of SA (short: 7 days; moderate: 8-28; long: >28) was collected from administrative records as well as causes for long SA. Negative binomial regression models were used to estimate Risk Ratios of SA according to alcohol consumption with lowrisk category as reference. Results: Duration of follow-up (in years) for SA was 8.4 AE 3.7 in men and 11.2 AE 5.4 in women. Increasing alcohol consumption predicted increasing risk of SA with a dose-response relationship (P < 0.01 for men; P = 0.01 for women). In men, strength of this association increased with SA duration [e.g. RRs from 1.41 (95% CI: 1.12-1.79) to 2.12 (95% CI: 1.49-3.00) in the very high-risk category, for short and long SA, respectively]. In men, even a moderate consumption predicted increased risk of SA whatever their duration (RR = 1.15; 95% CI: 1.07-1.23). In women, a moderate consumption predicted only long SA (RR = 1.22; 95% CI: 1.00-1.50). Daily alcohol consumption was associated with almost all causes of long SA in men, and with respiratory diseases, digestive diseases and injury in women. Conclusions: We found a dose-response relationship between daily alcohol consumption and the risk of SA. Even moderate consumption could increase this risk, particularly in men.
Introduction
A lcohol consumption has been consistently associated with mortality 1,2 and increased risks of many diseases such as cancers, cardiovascular diseases, 3 digestive diseases (alcoholic hepatitis, pancreatitis, alcoholic cirrhosis) and mental or behavioural disorders. 4 The World Health Organization (WHO) recently estimated that the proportion of alcohol-attributable deaths reaches 13.3% in Europe. 5 The impact of alcohol consumption on workforce, and especially on sickness absences, has been less explored. Some previous studies reported a significant increased risk of truancy at school or high school with high alcohol consumption. [6] [7] [8] Among studies in adulthood, recent findings focused on increased economic costs of alcohol-related absenteeism and reported that a decrease in alcohol consumption in heavy drinkers could decrease these costs. [9] [10] [11] Regarding studies investigating more precisely the relationship between alcohol consumption and sickness absences in adulthood, only few were based on a prospective design. [12] [13] [14] [15] [16] They all reported an increased risk of sickness absences with high alcohol consumption or risky pattern of drinking (e.g. episodes of heavy consumption despite the absence of daily drinking), and some of them observed a J or a U-shape relationship with also an increased risk of sickness absence for non-drinkers. 12, 13, 15, 17 However, previous research focused on Anglo-Saxon or Northern European countries and might have overlooked the risk of sickness absences associated with so-called less risky patterns, namely moderate daily drinking. A recent retrospective study 18 suggests that this risk might bellower, although significant at individual level, but associated with greater burden at a public health level, since this drinking pattern is more frequent, especially in Western/Southern European countries. 5 In addition, only few of these studies took into account the type of sickness absences. Marmot et al. 16 distinguished between short ( 7 days) and long sickness absences (>7 days); however, almost all associations were non-significant. It was thus difficult to compare the results between short and long sickness absences. Salonsalmi et al. focused on results according to the validation (or not) of sickness absences by a medical certificate, and noticed that alcohol drinking is particularly associated with self-certified sickness absence (1-3 days), rather than medical-certified sickness absences (over 3 days). 12, 19 For sickness absences of more than 7 days, potential discrepancies following duration have not been explored. Roche et al. 20 asked participants to inform if their sickness absence was due to their personal use of alcohol in the 3 months prior to the survey or to any illness or injury during the same period. They observed stronger associations for sickness absences due to alcohol consumption.
Additional studies are thus needed to specify the types of sickness absences, in terms of duration (i.e. short or long term) or following the different causes of sickness absences, that are mostly associated with daily alcohol consumption. These findings may help to better estimate the burden of heavy drinking for companies.
We investigated the associations between daily alcohol consumption and sickness absences in a large prospective cohort of workers of the French national electricity and gas company 'EDF-GDF'. Because we had comprehensive and accurate data on sickness absences from the company records, we had a unique opportunity to examine the effect of daily alcohol consumption on sickness absences, taking into account duration by characterizing short ( 7days), intermediate (8-28 days) and long (>28 days) sickness absences. Since the different causes of long sickness absences were available, we could also examine the effect of daily alcohol consumption on each cause of sickness absence. Such knowledge may help public health policy makers to better appreciate the burden of daily alcohol consumption on the workforce.
Methods
The GAZEL cohort study
In January 1989, all male employees, aged 40-50 years, and all female employees, aged 35-50 years, of the French national electricity and gas company 'EDF-GDF' were invited to participate in the cohort. Of the 44 922 eligible subjects (31 411 men and 13 511 women), 20 625 (45.9%) accepted: 15 011 men and 5614 women. Higher participation was associated with being male, being married, having children and holding managerial status. 21 EDF-GDF employees hold civil-servant-like status that entails job security and opportunities for occupational mobility. Typically, they were hired in their 20s and stayed with the company until retirement. 22 Since enrolment in the cohort, they have been followed prospectively through a yearly mailed self-administered questionnaire, including alcohol consumption, directly referred to the research team without going through the employer. Less than 1% of the participants have been lost to follow-up since 1989. 22 The study protocol, including written consent from the cohort participants, was approved by the French authority for data confidentiality (Commission Nationale Informatique et Liberté #105728) and by INSERM's Ethics Evaluation Committee (IRB0000388, FWA00005831).
Sickness absence data
We obtained the dates and causes of work cessation (i.e. retirement, pension for disability or long-standing illness and death) from the company administrative records. Sickness absences of participants were studied from 1 January 1991 until the date of work cessation until 1 January 2014, whichever occurred first. We obtained information on sickness absences throughout the career in EDF-GDF (date, length and medically certified cause) from the company administrative records. According to the company procedure, all sickness absences from work must be certified by company physicians and causes are coded based on ICD-9 and ICD-10 (International Classification of Diseases, Ninth and Tenth Revision, respectively). However, this procedure was occasionally omitted for shorter absences, when company physicians did not have sufficient time to conduct the procedure, assuming that shorter sickness absences were less likely to result from severe conditions. In our data, the cause of sickness absence was missing for 50% of absences of less than 7 days, 17% of those of 8-28 days and 3% of absences of more than 28 days. Therefore, analysis of causes of sickness absences was restricted to absence spells of more than 28 days. The causes were categorized into eight groups: cancer, cardiovascular diseases, respiratory diseases, digestive diseases, musculoskeletal diseases, injury, mental disorders (including alcohol use disorder) and other causes. The lack of data about underlying causes did not preclude examining the associations between daily alcohol consumption and all-causes sickness absences that were therefore completed also for sickness absences of short and intermediate durations.
Alcohol consumption
Alcohol consumption was assessed in January 1989, January 1990 and January 1991, with questions on consumption frequency of wine, beer or cider, and spirits (Among these beverages, which do you never drink, which do you drink occasionally and which do you drink daily?), and on the quantity consumed daily (For beverages daily consumed, indicate the number of drinks per day). According to the present study's objectives, we focus on participants reporting daily alcohol consumption.
In order to calculate the daily quantity consumed in gram per day (g/d), we considered that each drink of alcohol contains 10 g of pure alcohol. For each questionnaire, we then classified the daily alcohol consumption in four classes according to the World Health Organization levels of risk classification (i.e. low, moderate, high or very high risk). 23 For sake of clarity, these four categories will henceforth be referred to as low, moderate, high or very high daily consumption, i.e. cut-offs of >20, >40 and >60 g/d for women and >40, >60 and >100 g/d for men, respectively. We then combined the answers to the three questionnaires to create a single variable categorized into four classes, as follows: low, moderate, high and very high consumption. First, we defined very high drinkers as people declaring a very high consumption at least at one of the three questionnaires. We then applied the same decision to successively define high, moderate and low consumers among the remaining population.
Statistical analyses
Negative binomial regression models that included an offset term to account for the differential duration of follow-up of subjects were used to estimate risks ratios (RRs) and their 95% confidence intervals (CI) of sickness absences according to alcohol categories. According to the differences of drinking patterns in men and women, all the analyses were performed separately for men and women.
First, we performed analyses on total number of sickness absences, number of short (<8 days), moderate (8-28 days) or long sickness absences (>28 days). To test for a trend with alcohol consumption level (P trend), we considered daily drinking as a continuous variable (0: low consumers / 1: moderate consumers / 2: high consumers / 3: very high consumers for men and 0: low consumers / 1: moderate consumers / 2: high or very high consumers for women).
Then, RRs of cause-specific absences were estimated in order to compare the association between alcohol and sickness absences according to sickness causes. For these analyses, we grouped together high and very high consumers in men and cause-specific spells were restricted to long absence spells.
We adjusted our models for age in 1991 (continuous variable) and occupational status at hiring (manual workers / clerical workers / intermediate / managers or executives). In multivariate analysis, we also adjusted our results for smoking status (<20 pack-years including never smokers / !20 pack-years/missing values) and marital status (married / unmarried / divorced / widowed / missing values) in 1991. Missing data for smoking status (n = 1500, 15.4%) and marital status (n = 1437, 14.5%) in 1991 were replaced with the value from the previous questionnaires (1990 or 1989). The remaining missing values (<1% for smoking and marital) were included in our models as a separate category.
All tests were two-sided with P values set at 0.05. All analyses were performed using Statistical Analysis Systems (SAS) software, version 9.4 (SAS Institute, Inc., Cary, NC, USA).
Results
Among the 20 625 participants included in the GAZEL cohort, those who stopped working before 1991 were not included (193 men and 114 women). Moreover, 10 411 non-drinkers and occasionally alcohol consumers were also not included, corresponding to 6376/ 14 818 men and 4035/5500 women and 805/1638 managers or executives, 861/1670 intermediate workers, 4899/8090 clerical workers and 3837/8958 manual workers. A total of 9907 daily drinkers (8442 men and 1465 women) participants were thus included. Characteristics of male and female participants according to alcohol consumption are shown in table 1. Characteristics related to socio-professional categories at hiring, marital status and smoking status in 1991 were similar in men and women. The majority of the participants (over 80%) had been hired at a low-occupational position (manual or clerical workers), especially among high or very high alcohol consumers. Low consumers were less often heavy smokers and more often married in 1991 than high consumers of alcohol.
Men and women were followed for sickness absence over a period of 8. Associations between alcohol intake and total, short, moderate and long sickness absences are presented in table 2. In men and women, increasing alcohol consumption was significantly associated with increased risk ratios of total, short, moderate or long sickness absences, except for moderate sickness absences in women. Moreover, in men, even moderate alcohol consumption was associated with an increased risk ratio of sickness absences, whatever their duration. Furthermore, associations with alcohol consumption in men tended to be stronger for longer sickness absences (figure 1). Table 3 shows the associations between alcohol intake and causespecific long absences. In men, an increasing alcohol consumption was associated with an increased risk ratio of all specific causes of long sickness absences (P trend < 0.01) except for sickness absences for digestive diseases (P trend = 0.15). The highest RRs for high or very high consumption compared with low consumption were observed for absences for cancer, mental disorders and respiratory diseases. Among sickness absences for injury, those related to occupational injury concerned 78 men (i.e. 10% of men who had sickness absences for injury). Risk ratios remained significant when separated analyses were performed for each subtype of injury (i.e. related or not to occupational injury) with greater figures for occupational injury: RR = 1.87 (95% CI: 1.26-2.78) and RR = 1.68 (95% CI: 1.13-2.51) for intermediate and for high or very high alcohol consumption, respectively. In women, an increasing alcohol consumption was only associated with an increased risk ratio of long sickness absence for respiratory diseases, digestive diseases and injury. Among sickness absences due to injuries, those related to occupational injuries concerned only 7 women (i.e. 3% of women who had sickness absences for injury). This sample size was too small to perform separated analyses for each subtype of injury. Additional adjustment for smoking status or marital status did not substantially modify the results (data not shown).
Discussion
In this prospective cohort of workers, we found a dose-response relationship between daily alcohol consumption and the risk of sickness absences. Beyond this dose-response relationship, it is noteworthy that even moderate daily consumption was associated with an increased risk of sickness absence in men, whatever the duration. Similarly, moderate daily consumption was associated with long sickness absences in women. In addition, we reported for the first time that daily alcohol consumption was associated with several causes of sickness absence, especially in men. In women, these associations were significant for respiratory diseases, digestive diseases and injury only.
To our knowledge, this is the first study to report different associations between alcohol consumption and various durations of sickness absences. A previous study 16 presented results according to short or long sickness absences, but almost all results were nonsignificant. It was thus difficult to interpret the potential differential effects of alcohol on long or short sickness absence. Salonsalmi et al. 12 reported similar associations between alcohol consumption and short and long-term sickness absences. However, the duration categorization was based on the presence of a medical confirmation required for sickness absences of more than three days. This duration cut-off (3 days) is likely to be too short to observe differences in association because of duration. Our results suggest that heavy drinking is especially associated with a higher risk ratio of long rather than short sickness absences, showing that mechanisms underlying these associations are more complex than only absenteeism due to hangover. Here, we did not include self-certified absences whereas Salonsalmi et al. found that alcohol consumption was more closely associated with these absences than medical-certified absences. These results are not contradictory and our results might have been underestimated by focusing on medical-certified absences solely.
Regarding the association between alcohol consumption and various causes of sickness absences, this issue has been investigated in a previous study, but focusing only on two causes: injury or illness vs. reported absenteeism due to alcohol consumption. 20 As one could expect, results were stronger for absenteeism due to alcohol consumption. In our study, high or very high daily alcohol consumption was associated with increased sickness absences due to various medical causes, and not only mental disorders (including alcohol use disorder) or injury. Some causes, such as cardiovascular causes, could have been expected. 24 However, this association has been found only in men and was weaker than for respiratory diseases. This finding could be explained by the drinking pattern of our French population characterized by a relatively high daily consumption during meals rather by binge drinking. 25, 26 The associations observed between high-alcohol consumption and sickness absences because of mental disorders, cancers, digestive diseases or injuries are plausible regarding current evidence of alcohol effects on various chronic diseases. 27 On the other hand, the strong association with sickness absences because of respiratory diseases (even after adjustment for smoking) was less documented in reviews of common alcohol effects. These findings should obviously be considered with caution given the relatively small number of events. However, previous studies already associated high alcohol consumption and respiratory hypersensibility in persons with allergic rhinitis and asthma 28 or adult-onset asthma through a Jshape relationship in a Danish population. 29 Our results thus suggest differential associations between alcohol consumption sickness absences according to causes but have to be confirmed by additional studies.
Several previous studies already presented separate results for men and women and most of them reported similar associations according to gender. 12, 13, 15, 17, 30 However, Goetzel et al. 31 reported significant increased risks only in women. In another study, results were significant only in men when alcohol consumption was assessed through a questionnaire while they were significant only in women when alcohol consumption was recorded during a health examination. 32 In our study, associations were generally stronger in men than in women, and analyses of cause-specific absences were less often significant in women than in men. The latter could be explained by a higher number of men in our study and thus a higher power to detect associations in men then in women. In addition, we took into account the smaller range of alcohol consumption by women in defining our classes but there were still relatively few women classified in the highest category. It is thus more difficult to observe a significant dose-effect relationship Among subjects with at least a sickness absence >28 in women than in men. Moreover, analyses by causes or duration of sickness absences suggested that alcohol may be associated with different sickness absences in women (injury, respiratory and digestive diseases) and in men (mostly long term and for cancers, mental disorders and respiratory diseases). Further studies are necessary to confirm our results but they may suggest varying effects of alcohol in the workforce according to gender.
Strengths of our study include its prospective design from a large occupational cohort composed of white-and blue-collar employees from all regions of France, with long-term follow-up. Moreover, information on occupational status throughout the whole career (namely sickness absences) was comprehensive and accurate as it was directly obtained from the company administrative records. In addition, we had sufficient details to perform analyses according to characteristics of sickness absences. These records also enabled us to Figure 1 Risk ratios for number of long sickness absences (i.e. more than 28 days), following the categories of daily alcohol consumption, in men and women, separately. Low daily alcohol consumption has been chosen as the reference category take into account early occupational characteristics of participants such as occupational status at hiring. Our study has some limitations. First, alcohol consumption was self-reported, so there might be some under-reporting of alcohol consumption levels. According to some authors, confidential questionnaires encourage fuller reports of drinking than face-to-face personal interviews 33, 34 and the rate of heavy drinkers in the GAZEL cohort is close to the rate in the French general population measured by other surveys using different tools. 35, 36 Non-response may be a concern, since heavy drinkers are more likely to have missing data. 37, 38 However, less than 2% of alcohol data were missing. In addition, the questionnaire did not contain a measure of binge drinking. Nevertheless, binge drinking was probably not widespread in our population of French middle-aged men and women. 26 Finally, since causes were occasionally omitted for short and intermediate sickness absences, we could not achieve our aim to examine associations between alcohol consumption and the risk of sickness absences following each cause when these absences were below 28 days. Consequently, further prospective studies are necessary to examine whether alcohol consumption may be associated with other patterns of causes in short and intermediate sickness absences. One might have expected that short absences might result from less severe conditions than longer absences. However, this assumption might be violated in some cases. For instance, as progresses are made in the treatment of many cancers, patients with cancer may more prone to repeated short absences than longer ones. A comprehensive dataset regarding the causes of sickness absences, regardless of duration, may allow further studies to examine whether the links between alcohol consumption and longer absences is really explained by more severe conditions. For instance, repeated short absences due to the same cause should probably be modelled in a cumulative way rather that as isolated events. Except for men and for long-term sickness absences, we were not able to examine differences between each subtype of sickness absences for injury (i.e. occupational injury or not). It would be also useful to explore the underlying mechanisms of injuries that may involve alcohol consumption. Anyway, our results extend evidence that alcohol is associated with sickness absences, showing that it holds true even for moderate daily consumption especially in men, but also in women for long absences. This should be taken into account by public health policy makers. Sophie Morois was supported by a grant from Lundbeck. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. Cédric Lemogne has received speaker and consulting fees from AstraZeneca, Daiichi-Sankyo, Lundbeck and Servier.
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Key points
There is a dose-response relationship between daily alcohol consumption and the risk of sickness absences. Alcohol consumption is associated with several causes of sickness absence. Even moderate daily consumption is associated with an increased risk of sickness absence, especially of long duration, and this should be taken into account by public health policy makers.
